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A review of previous research was jsoipleted ta 
deteraine (a), the response of the cardiac tiae coipontnts of the left 
ventricle tb varying types and intensities of training prograns, (b) 
the probable physiological explanations for these, responses, and (c) 
the significance of the changes which did or did not occur. It was 
found that, at rest, training caused a le.ngthening in diastole (13.8 
percent), ejection period (4.5 percent), and isovoluaetric ^ ^ ^ 
contraction period (9.^ percent). The electroaechanical lag shortened 
by 3.7 percent. Following a submaxiaal exercise bout diastole was 
23.7 percent longer, ejection peri9d 12.8 percent longer, 
isovoluaetric contraction period U.7 percent longer, and 
ateqtroaechanical lag unclianged as a result of training. These 
changes are generally thought to reflect adaptation to stress and 
shifting autonoaic nervous control. .(A second article, "Cardiac Tiae 
COBPonents: Sedentary versus Active Individuals," is attached. This 
article discusses research Iwhich shows that the differences between 
active and sedejitaryj males parallel the changes that training 
programs produce in ihe left ventricular time components, 
(Author/RC) . / 
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• An l^porfanf question concemlng.the cardiac intervals Is^.hethar or 
nor they reflect change. I'n the nu.an organise as a resu.t of physica, train- ^ 

- ,„g ,r conditioning. iO an att^pt to answer this question, a review of the 
' .esear.n has .een conducted. Specif icJ, iy. three factors were investigated: . 
. .ne response of each interval to varying types and intens.t.es.of training ■ 

' ,„gra«s; a, the P^haPle physiological explanations for t\ese responses, and 
-3) the significance of the charges which did or did not occur, 
• The nu^aer of studies which have -investigated tra4nlng responses of the 

• carc;ac't:»e <.»ponents is s^a, I Cl-S. 9-17). The training programs were largely 
.ncentrated . the walK-Jcg-run, Vtinuous ae^^.c-type activities. Only one 
3tudy (3) deait with weight training and three <4.6, 13) with specifi.c sports- 

• these .eing soccer/a had»into„-handha. , c^hination, and cycling, respectively. 
The subjects were generally college or middle-aged men. although two <n, 
..alt with temaus. .Training lasted anywhere from weeKs with the subjects 

L Tha exercise stress situations where 
working odt 1-1/2 to 5_days per week. The exercise _ 

induced were generally hicyCe erg^eter rides or step tests hoth suhmax.ma, 
..all^ut^ and, although techniques have now heen developed for recording 
e cardiac intecvals during work, the majority of these studies reported post 



exercise values* 



■ Because of the smal I .otal number of suhjects and the wide variations in 
^ Tne studies, it was decided to analyze the results in terms of percent change 

' Of .e mean values pre and POst training, hoth at rest and 1/2 to M/2 minutes^ 
i 3fter a given suWimal exercise Pout. This anaiysis was done using the ac 
^ growings suggested ay Pranks and Cureton C7>. . intonation was ava.lahle 
ErIc either the isovoiumetric relaxation or rapid filling phases. 
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^ • T=,n-fi 1 These figures vary somewhat from 
Mean data are presented .n Tao.e .hese t 9 

... a..o. . P.ese. reWe„ .a.ze - - 

...va;s. ;.e.fore, ..e,e„f ..Jecfs are .C... U var,a.e, . .. 
.r:a.;or.s U ..e e^ilp^ent. recor... ar. .easur.. .ec..,ues e.,s.e. e wee 
...,.,3> ..a f.™ .0. ..s a„. fe.,es of aU a.es .ave .ee„ .reate. .o.e.er. 

.> .r,e fJe of re^r.ir. ..e post .exerc ; se measures varie., as «en as t.e 
subtr.axl.-nai exercise That was used. > 

fACTOn 1 LEFT VENTRICULAR DIASTOLE 
.-,e ..e,-va,;^.s:r.s or s.ow.. ..e K..esf re,at,o„sMp .t. .Usfo.e 
■ s,-,o«e..e .reatesf resp,-.se .o fra.,. ...re , . O,asto,e <.a> ,e..e„e. 
• _ .-,,3,e'.S....e.n> a. was ..n .ore res.sfa. . s.rt. . , 

/c; A 17^ Cvcle time (CT) and its 
S -^'-axVai exercise foi lowing Training (5,6,17), tycie ^ 

..erse. nea. rate CH.>. .of. cr.a„,e. aPprox,.afe,V 10. at rest C-B. , , m. 

;a.;.a,. ...ifonowir. t.e stan'.ar. exerCse .o„t <.,e.,0,„>. - 

. see.:. o.crepe..; . tf.ese ,atter two f ,.res can pro.a.v ^st .e e.pU,ne. 

as ae.-,s o.e to t.e fact t.at t.e .eart rate was analyze, usin, tne nearest 

- „^ .-a-s per ^.ir.uto, wnereas the cycle tl.,e figures are in the - 

wnole n^i.TiDer . of Dca.s per i.it.i" -> 

jar n-.ore exact units of mil : iseconds. ' ^ \ • ' 

• / -ne reart rate and cbncurrenr lengthening of the cycle 
Tr.e slowing down of .ne near, fa 

In the level of parasympathetic 
t;« anc diasto.e uncoubteoiy reflect an increase ,n the 

;nf luer,ce In the nervous regulation of the heart (7). 

T.:s Slowing an. legthening are .ee™. important, since It is the" .lastole 
.men ventricular .St. ventricular filling an. co^nary circu.t.o^ 

-e .<ewer humher of -contractions, longer rest, an. ^re complete 

occur. iriJS, i. .a viewer ftuMiu ^ 
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TABLE I 

c 

CARDIAC TIME COMPONENTS - MEAN VALUES 



Variable 
Mill Iseiponds 



Pre-Tralnlng - 
Rest Post Exercise 



Diastole • ^ 

Cycle Time 

Heart Rate 
Cb/min) 

* 

EjecTion Period 
TotaJ Systole 
Mechanical Systole 



A. 



Isovolumetric 
Contraction 
Period 

■ Tension Period 



E i ect romecnan i ca I 
Lag 



558 
869 
70 

287 
391 
326 

66 

107 
54 



337 

583 
105 

203 

332, 

276 

34 

105 

•» 

48 



\ 



Post Training 
Rest Post Exercise 



612 
964 
63 

300 
415 
351 

72 

ii4 
52 



417 
677 

" 91 

229 
346 
'299 

. 39 

107 
48 



O o 

% Ui 
O 

o 
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fining represan- a moce efficiently functioning he,ft. 

^ ' FACTOR 2 LEFT VENTRICULAR SYSTOLE 

Tr.se intervals ,.soc.are/wlt. ,ef^ ventr.cuUr .ysto.e or contr.=t>o. 
s.o.e. a .en^encv to ,o.st.e„ at rest a., to -re res,sta„t ,0 s.orte„ln, 
;o»i.g-a s„>,«axi™a, exerCse sesMo. at the en. of training .F.gure 2>. At _ 
>es;:;oTai sys^.e (TS> inc'reased 6.1? (2.=.8), .ecn.an.ca. syst^e <«S. 7.7* 
a 3.6,a>, an. ejection per.o. (EP) 4.5* (2,4, ,2. U..6. ,7,. T.e post p-se ^ 
vaues increlseosoy 4.2* C5>, 8.3* (3.6. an. ,2.8* t.7>. respectWe.y. Of 1^e ^ 
.nree sys.o.c intervals, tt.e ejection per.o..,s tne »st ,»port,„t an. >t ten.s 
Cougr.iy to parailei srroKe volume (5,7). ' 

0.e vo t.e relationship wi.n strode yolu^e, a.iengtnene. ejection perio. ' 
..... see. to indicate a ^re c»,p,ete ^.ptying^of thrcha^ber an. a larger ^ 
3.™.e yoi..e,\at rest an. in recovery fro. »rK. This .ay, at least ,n part 
,„e a ..soit of Vne longer .ias.o,e an. .ore c^plete .iastolic fining. As w,th 
„,e isngthening.of .ias.le, xnis change wou,. be consi4er.. a positive car.,o- 

'V 

vascular response. ^ 

FACTORS 3 AND 4 PRE-EJECTION INTERVALS 
Ter.ron perioc (TP), i sovo I u.et r i c contraction period (ICP), an. electro- 

CSV.) are, also part of systole-^st specif ical ly, t.e pre-e.ect.on 

■ ' . • n4 ICR and EML. exhibited a 9.^*' 

phases irig.re 3). Tension per.oo, tne ICP 

,..Wse a. res. <2,3,4,3, , : . 13, 14, ,7, an. a I.,* greater^ength fo„o„,ng s. - 
.xi.ai ac.ivi.y C4,3,i7). Its t.o component parts, ho.eve^, We. in oppos.te 

-esT the isovo,u.etric contraction perio. Ungthene. 
cirec-ions or nOT at al.. A. .esT, . , , , 

,.2* <|.4,6,,0-I2,;a,i7>, While the elect^echan.ca, la, shortene. by 3.7, 

(■-8.1i0-l2, ;5-i7). 
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1000' 
950- 
90'0- 
' * 850- 

800- 

700- 
650' 

600' 

on • 

550" 

500^ 

— II 
-I o 

350' 
' 300- 
250- 
200- 
, 150- 
100- 
50- 
- 0- 



REST 



TRAINI-NG CHANGES 

POST SUBMAXIMAL EXERCISE 



+6.1% 




+7.7% 



FACTOR 2 

LEFT VENTRICULAR SYSTOLE 



PRE TRAINING ^ 
POST TRAINING □ 



/ 



-it.2% 



+ 12 . 



8.3% 



EJECTION TOTAL MECHANICAL 
' PERIOD SYSTOLE SYSTOLE 
.. Ci-Cj Q-S2 S1-S2 



EJECTION TOTAL MECHANICAL 
PERIOD SfSTOLE SYSTOLE 
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/ 1000- 

90P- 
850- 
80 0- 
• 750 

700 



o50-^ 



u ^550-^ 

^'^500-' 
_i o 



«iO0- 
550- 
300 
250-1 
200 
150- 
100- 



REST 



TRAINING CHANGES ' . 

POST SUBMAXIMAL EXERCISE 



5 OH 

4 



+ 9.4% 



+9.2% 



L 



-3.7% 



FACTORS 3 6 

SYMPATHETIC TONE, SPREAD OF 
ELECTRICAL, STIMULATION 



i 



PRE TRAINING ^ 
POST TRAINING □ ^ 



+ 1.9% 



+ltt.7% 



0% 



( 



ISOVOLUME- TENSION ,0Tr 
TRIG . PERIOD MECHANICAL TRIC 

CONTRACTION 
PERIOD 
MS-EP TS-EP Q-Si 



-1 Pr\an- ISOVOLUME- TEhisiON ELECTRO- 
cLtCiy^O ISOVULunc p^^jQjj MECHANICAL 

/LAG CONTRACTION ' LAG 

PERIOD 
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Fol ;owi« sub^axi^a. exercise tne ICP" ! ncreased by i4.7« posVtVa 1 n i ng 
(i,,6,l7). While The SI sho»e<i 1,0 variation.' The differehce in Wnse 
Li Ton. TO reihforce^he importah^e of measuring itP and,€..L as^separate . 
conponenTs and noT jointlyas TP (7). ' , • ^ 

_ Raao' (i3-l5) has been ih* foremost advocate 'for interpr-etihg' the ICP • 
as ah^indicator of sympatnetic-adrenergic influence on ventricular cohtractijity 
.„roushthe"ho«nes epinep'hr.ine (released by the adrenal .edulla and transported 
py The =looi TO the heart) and horepinepnrir.e (discharged directly into the , 
„yocarcial cells from the sympathetic nerve enoings)'. As a cardjologist, , 
rUo see. clini-ca,.i.pli.catlor,s for this relationship. His cohtention is 
That hypoxic, cegenerative (is^emic) hea^ disease is hot caused solely by a 
decrease 'ih, or lac. of, oxygen supply brought about by arteriosclerosis, but . 
aXso ay a parallel increase i.n oxygen consumption due to the adrenergic 
caTechoiamlne ihTerferehce tl4). Hence, an individual »ith a shortened ICP 
...ould appear to be one who is sympathetica! ly dominated and potential ly pro.e 
TO near-T injury, inversely, a lengthened ICP would be interpreted a. pro- 
vici-hs The individual wiTh a degree of ahti-adrenergic sympatho-inhlbitory 
couhter-regulaTloh. With this counter-regulation^ the heart functions more 
efficiently and more economical ly ih the utilization of its oxygen supply. 
These Changes .are dee.T,ed to bl protective to the heart. 

,n addition to the probable significance of the ICP as a ref lecti^J^f . 
T.na sympaTneTic tone of an -individual, it is also an indi^tion ofthe .eve, 
of adaptation.;, the stress of training (7). Generally, if\the level of worK 
• in conditioning is too strenuous for an individual, the stress is Indicated by . 
Shortened ICP. rtowever, as adaptation taKes place, the Organi.sm is better able 



.0 .;i.ns..n. s;ress an. T.e, ,=P leo^t .n t.,s re,.r., . lon.er post. _ 

.xerc).. ;CP would i..-,«.e_rh.T t..',s«.oard exerCse cause, .ess stress . 

• -w.H • a<; a'resiilt of the training. " • ' 

in tne ^inaivtdua. as a rt.su it , ^ ^ 

. ^ a sQecif ic factor and \s the most tncon- 

The elecTromachanical lag IS a speciTic . . . 

.■s.e«t o* .Jcar^ac t,.e co^po^ents." > represents t.e t.^e re,u,re. for 

sprea. ot ;.e-e,e,tr;ca, st;.u:a.o.N.™ t.e S.o-Atr,a, Ho.e ac.ss t.e 
ve^triCes.' A,t.ou,. t.e overa, ■ .c.a..e at rest a .eorease of 3.7*. 
e;«,s. .a,f Of t.e st.Us .Mc. ^asure. t.,s V-e, an .crease ,n n.t. U 

. ^in no case however, wa% the mean change more- than ; 
Dost training was founa. In^no case,^nowB , , . ^ 

/ 

8 frii I i *r§econds. ■ . ' ^ » . . « .^-^ . 

A . „ r.f PV.1 would fee a positive changd, for 
;t appears t-r.af| the shortening of EMU wouta Qe h ^ . 

■ -nn c -he electrical strl.u!us is often associated with . 
a sluggish propagation c .ne eiecrric i , ^ 

• paTnoiogicai conditions C^. . ^ . ' .. 

■/ . ■ .. " 

, ,% • CONCLUSION . 
■ conclusion. It appears t^at fo, Icing adaptation to physical 

t.e cnan^as w.lc, a'ccur ,ln tne carotac.'tLe o^^ponents at rest, tHat Is a 

, • ■ -lastole 'iCP^ EP and a sno^W Ev.L. Indicate a .ore eff .cent and 

. ler.grr.er.ed uias.oie, iv^r, <-> 

' • . . , The post submaxim4l exercise changes, specif 1., 

" •economicaiiy,funcTiontng neorr, jhe po 

■ • I TP and EP. and no change in the mu, 
cai iy i ess shortening in the diasro.e, ICP, and cP, .. . 

- ..ndouareciy ref iect a decre,,e in stress response. 



BIBLIOGRAPHY 

Sporl^^fdicine meet.ing, Carbolidale,* 1 1 1 mois. f-eoruary, 
;966. . ' , * 

• Medicine aj}d Rj^slcal^ 

Cnarr.paign, 19671. ^ 

; -^ >H T K -ura-on "Effects of Training on Time C9mpoiients of 

;^r^:n've;;rt^te." , 

9C2):80-83, 19691 . ' , 

'- L \ - Pr^nkci* "Effects *of Physical Training on Stuttiering. 

8. pranks, B.D., and c. FranKS. ^^^^'^^ts °{].^' !;7g-7_776 ,963. 
/Journal -ollRee^ and Hea^ 

1966. . >J* 

■ i„iversiT-yof IliTnoU, Urtana-Cnampa,9<i, W66. ' _ 

P:o:Jn. S... O..eto. • n.a,U Effects ^--n,^... j^-^- * . 

|27(5):i45-150,1973. • . • ^ 

,3 W. ..prevention of Degenerative Heart Disease by Pl^lcal Activity. 

Quest Ponograph III/ I964»\; • ' ' 



-7- 



Its plitholpgical img) icaTion^». — 

300-32S, 1960. * v.. •• ^ 



• ; 
./ 



\ 



\ 



\ 



ERiC * 



Cardiac Time CompOi -nts: Sedentary versus Active Individuals * 

Sharon Ann Plowman 

Northern Illinois University . - 
' . DeKalb, Illinois 

It is possible to consider* comparison studies athletes or, "highly active" 
individuals versus normal sedentary or "low ac Cuutrols as a form of training 

study. In studies of this type, the investigator has no control over the type 

^ ■ it ' ' " • 

or^^racion of the training of- the individuals, but merely decides by work 

activity, leisure time pursuit^, or competitive status the activity category 

t 

of each individuals ^ 

Less than ^ do^en of these studies which have been published have used, the 
cardiac intervcrl tine * components variables (1-10). All hav^ b^en concerned ^ 
with u^le subjects. None have reported , post exercise values for the various 
intervals, 'xean resting values are reported in Table 2. As with the' controlled 
training Studies,, all comparisons are made in terms of per cent changeK using . 
the sedentary individuals' valuas as the baseline. 

Active individuals were foj^nd to have a-42.2% longer diastole (1,2), 
a 20.9% longer fiycle time (1,2,4,7-10), and a *6.9% slower rate (1,2,4,7-10) 
than the inactive control^ (Figure 4). . 

The systolic intervals of ejection pe,riod,'- total systole, and mechanical 
systole maasu%3lia% (4.5.8,9), 8.7% (1,2,3.5,9), and 9.6% (1,2.4,9) greater 
in, active -individuals than in sedentary one& (Figure 5). . 

l3.;volIImetiri'c contraction period was^,29.7% longer (2,4,9) and the tensionV 
period 15.2% longer (2,4-10)' in the more active subjects. Only the electi^omecharitckl 
lag was four.d lo be shorter allig athletes and -active Individuals when compared to 
their non-ethietic sedentary covpter?arts-^X-.4_j9)^(Figure 5)'. ^ This differenc«>. 
was' -2.2% and again a number of studies reported difieretvces in the opposite 
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CABDIAC'tIVE qoMPOiJEOTS-MEAN VALUES 



Cycle Time 

Heart Rate 
(b/udn) 



^Ejection Period 
Total Systole 

yiechanical Systole 

/ 

>. 

Isovoluiuetric 
Contraction 
Period 

Tension Period 



Electrdmechanical 
Lag 



279 

367 
303 

74 



'I 



99 



70 



\ 




282 

•m 

332 
96 

-114 
68 



/ 



0 
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SEDENTARY VS.. ACTIVE INDIVIDUALS 
-t-2Q .9% . ■ 



FACTOR 1 



LEFT VFNTRICULAR DIASTOLE 



-16.9% 
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SEDENTARY VS. ACTIVE INDIVIDUALS 
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FACTORS 2, 3 g ^ 

SYSTOLE, SYMPATHETIC TONE, 
SPREAD OF ELECTRICAL 
STIMULATION 



SEDENTARY 
ACTIVE 



+ 8.7% 




TRIG PERIOD MECHANICAL 

CONTRACTION 
PERIOD 



MS-EP 



TS-^"- 



Q-Si 



EJECTION 
PERIOD 



TOTAL MECHANICAL 
SYSTOLE SYSTOLE 



0-S2 
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• Tr.us. the differences between active and sedentary males, a longer diastole, 
ejection period and isovolu.etric contraction period and a shorter eiectrotnechanical 
lag in the actives, were seen to paraUel precisely the change^ in the left 
.ntricular tine components that training prograns produced. The physiological 
.-Planations and significance of the differences are assumed to be equally parallel 



ve 

ex; 

and applicable 
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